Introduction {#s0001}
============

Prostate cancer (PCa) is one of the most common cancers in males and is known for its high incidence and mortality.[@cit0001] Considering that the 5-year survival rate is up to 98%,[@cit0001] the early diagnosis and treatment of PCa are particularly essential. The current therapy for localized PCa is radical prostatectomy.[@cit0002] However, this treatment is not satisfactory considering the development of side effects, such as urinary incontinence and erectile dysfunction.[@cit0003] If the PCa has spread, radiation therapy, chemotherapy, or hormone therapy are used before surgery. Nevertheless, discomfort caused by these treatments includes pain, weakness, and nervous system disorder that cannot be ignored. Instead, the development of nanomaterials, molecular diagnosis and precise treatments, including nanomedicine, are approaches that now play a relatively critical crucial role in cancer therapy.[@cit0004] Thus, understanding how nanomaterials affect prostate cancer is urgently needed.

Nanomaterials have been widely used as drug and gene delivery agents in tumor research in the past few years.[@cit0005],[@cit0006] Several studies have indicated that delivery systems based on nanomaterials suppress tumor growth in vivo.[@cit0007]--[@cit0009] The first carbon nanomaterial was developed in the 1970s.[@cit0010] Unlike studies on other nanocarbon particles, such as carbon nanotubes (CNTs),[@cit0011]--[@cit0013] research on carbon nanospheres (CNPs) is limited.[@cit0014] Because CNPs are easily internalized into cells with excellent biocompatibility, they can be used for drug, gene, and protein delivery.[@cit0015] CNPs were reported to inhibit the growth of PCa by promoting maximal energy transfer in microwave therapy without strong biotoxicity in a long-term animal study.[@cit0016] Nanocarbon appears to be a promising cancer therapy material for the future. However, the mechanism by which CNPs themselves affect tumors is not completely understood. Thus, the goal of the investigation was to study how CNPs affect PCa in vivo and in vitro.

Materials and Methods {#s0002}
=====================

Synthesis of CNPs {#s0002-s2001}
-----------------

CNPs were prepared by the glucose hydrothermal method[@cit0017] and characterized by scanning electron microscopy (SEM) and X-ray diffraction (XRD). A Raman spectrometer was used to verify the structural composition. In brief, a glucose solution was heated to 400°C for 4 h and then filtered after cooling to room temperature.

Culturing of Cell Lines {#s0002-s2002}
-----------------------

DU145 and PC3 are two commonly used PCa cell lines, while BPH-1 is a benign prostate epithelial cell line. Cell lines were purchased from the American Type Culture Collection (ATCC) (Manassas, VA, USA) and authenticated by HYY Med company (Guangzhou, China). The PCa and prostate epithelial cells were cultured separately in DMEM (HyClone, Logan, UT, USA) or RPMI-1640 medium (Cellgro, Manassas, VA, USA) supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA) and 1% penicillin/streptomycin under an atmosphere with 5% CO~2~ at 37°C.

Cell Cycle Analysis {#s0002-s2003}
-------------------

According to the protocol of our previous research,[@cit0018] cells treated or not treated with medium containing 10 μg/mL CNPs were collected, washed twice with PBS, and fixed overnight in 70% ethanol at 4°C. A staining buffer containing 500 µL of PBS, propidium iodide (PI; 5 μg/mL), RNaseA (100 μg/mL), and 0.3 μL of 0.3% Triton X-100 was added to the cells, which were then incubated at 4 °C for 30 min. Subsequently, a flow cytometer (BD FACSVerse, BD Biosciences, USA) and FlowJo were used to analyze the cells and results. Three independent experiments were performed and repeated at least three times.

Apoptosis Detection {#s0002-s2004}
-------------------

DU145 and PC3 cells were prestimulated with CNPs (CNPs group) or left unstimulated (control group) for 24 h. Then, the cells were harvested by trypsinization and incubated with 5 μL of Annexin V-APC and 10 μL of 7AAD. After the cells were vortexed and incubated at room temperature in the dark for 15 min, 485 μL of 1× binding buffer was added to each tube. A flow cytometer (BD FACSVerse, BD Biosciences, USA) were used to analyze the results. Three independent experiments were performed and repeated at least three times.

Cell Proliferation Assay {#s0002-s2005}
------------------------

DU145 and PC3 cells were seeded in 96-well plates. After 24 h, the medium was changed to medium containing 5 or 10 μg/mL CNPs. After another 24, 48, or 72 h, a 10% CCK-8 (C0038, Beyotime, China) solution was added to each well. The absorbance at 450 nm was measured on a spectrophotometer (Multiskan MK3, Thermo Scientific). Three independent experiments were performed and repeated at least three times.

Cell Invasion Assay {#s0002-s2006}
-------------------

Transwell assays were used to determine cell invasion. 20 μ Matrigel (BD Biosciences) diluted 8-fold with serum-free medium was coated into the upper Transwell chamber, which was then placed in 24-well plate. A total of 5 ×10^4^ DU145 or PC3 cells treated with medium containing 10 μg/mL of CNPs or left untreated for 24 h were seeded in the upper compartment of the chamber. Then, 500 μL of complete culture medium was added to the lower compartment. After incubating at 37°C under an atmosphere with 5% CO~2~ for 24 or 48 h, the cells remaining in the upper chamber were removed, and the remaining cells were fixed with methanol for 20 min and stained with 0.1% crystal violet for 10--20 min. Transwell assay results were quantified by using Image-Pro Plus. Three independent experiments were performed and repeated at least three times.

Cell Migration Assay {#s0002-s2007}
--------------------

Wound-healing assays were performed to evaluate cell migration. DU145 and PC3 cells were seeded in 6-well plates and incubated until they reached 80% confluence. After scratches were made in the cell layers with sterile pipette tips, the cells were washed with PBS three times. Then, complete culture medium containing mitomycin was added. Microscopic observations were performed at 24 and 30 h after scratching. Three independent experiments were performed and repeated at least three times.

Western Blot Analysis {#s0002-s2008}
---------------------

DU145 and PC3 cells were stimulated with 10 μg/mL CNPs for 24 h and then lysed in RIPA lysis buffer containing 1% PMSF and phosphatase inhibitors. Then, 10--25 μg of lysate proteins were separated by 10 or 12% SDS-PAGE and transferred to PVDF membranes (\#ISEQ00010, Millipore). The membranes were blocked with 5% skim milk (\#232100, BD Difco) in TBST at room temperature for 1 h and then incubated with anti-*Caspase-3* (\#9662, Cell Signaling Technology), anti-*Cleaved Caspase-3* (\#9664S, Cell Signaling Technology), anti-LC3 (NB100-2331, Novus Biologicals), anti-*SQSTM1* (sc-48402, Santa Cruz), anti-*4E-BP1* (\#9452, Cell Signaling Technology), anti-*Vimentin* (\#5741T, Cell Signaling Technology), anti-*E-Cadherin* (\#3195T, Cell Signaling Technology), and Anti-β-actin antibodies (BM0627, Boster Biological Technology) at 4°C overnight. Subsequently, the membranes were incubated with an appropriate secondary antibody at room temperature for 1 h. Immobilon Western chemiluminescent HRP substrate was used to visualize the resulting protein bands. Three independent experiments were performed and repeated at least three times.

Transmission Electron Microscopy (TEM) {#s0002-s2009}
--------------------------------------

DU145 and PC3 cells were sequentially fixed with 2.5% glutaraldehyde and 1% sodium dihydrogen phosphate and then postfixed with 1% osmium tetroxide. Ultrathin sections were obtained using a microtome, and autophagosomes and CNPs were then observed.

Multifactor Detection of a Single Akt Phosphorylation Pathway {#s0002-s2010}
-------------------------------------------------------------

Cell extraction was measured by RayBio Human/Mouse *AKT* Pathway Phosphorylation Array C1 (Raybiotech, Inc., Georgia, USA) which simultaneously detected 18 phosphorylated human or mouse proteins using multiplexed sandwich ELISA-based technology. The experiment was performed by Raybiotech, Inc. (Guangzhou, China) according to the manufacturer's instructions. Briefly, the membranes were blocked with blocking buffer for 30 min at room temperature. Then, 1mL 500 μg/mL cell extraction was pipetted into each membrane and incubated with primary antibodies at 4 °C overnight. The membranes were then washed with wash buffer twice and incubated with 1× HRP-anti-rabbit IgG for 2 h at room temperature. Subsequently, a detection buffer mixture was added to the membranes, which were illustrated using a chemiluminescence imaging system.

Immunohistochemistry (IHC) {#s0002-s2011}
--------------------------

Tissue samples were deparaffinized with xylene, and an UltraSensitiveTM SP (Mouse/Rabbit) IHC kit (KIT-9730, MX Biotechnologies) was used for detection. After proteolytic digestion and peroxidase blocking, the tissue specimens were incubated with anti-*Caspase-3* (\#9664S, Cell Signaling Technology), anti-*Cleaved Caspase-3* (\#9662, Cell Signaling Technology), anti- *SQSTM1* (sc-48402, Santa Cruz), anti-*4E-BP1* (\#9452, Cell Signaling Technology), anti-*Vimentin* (A19607, ABclonal), and anti-*E-Cadherin* (\#3195T, Cell Signaling Technology) antibodies at a dilution of 1:200. The biotinylated secondary antibodies in the kit were used according to the manufacturer's instructions after washing the samples. Then, the samples were washed with PBS three times and then incubated with streptavidin-horseradish peroxidase complex. A DAB substrate kit was used for staining. Liver tissues from control group mice were used as positive and negative control. Negative controls were prepared by substituting with normal rabbit or mouse IgG.[@cit0019] The immunoreactivity scores were calculated by two pathologists using a system based on multiplying the staining percentage (0: 0--5%, 1: 6--25%, 2: 26--50%, 3: 51--75% and 4: 76--100%) and intensity (0: negative, 1: weak, 2: moderate and 3: strong).

Animal Experiments {#s0002-s2012}
------------------

The Institute for Laboratory Animal Research at Guangzhou Medical University, Guangzhou, PR China, approved all animal protocols. Animal experiments were performed with the guidelines of the Institute for Laboratory Animal Research at Guangzhou Medical University, Guangzhou, China. Sixteen male *BALB/c nude mice* were subcutaneously injected with 5×10^7^ DU145 or PC3 cells on the right side of the back. Tumor volume \[volume (mm^3^) = 0.5 × length (mm) × width^2^ (mm^2^)\] was calculated every three days. A local subcutaneous injection of 5 mg of CNPs was performed every three days among eight of the sixteen mice. Fourteen days after the injection, tumor tissue samples were used for Western blotting and IHC.

Statistical Analysis {#s0002-s2013}
--------------------

The data are presented as the means ± standard deviation (SD). Statistical analysis was conducted by an independent-sample *t*-test using SPSS v16 and GraphPad Prism 8. The results were considered as statistically significant if \*P \< 0.05 or \*\*P \< 0.01.

Results {#s0003}
=======

Morphologies and Structure of CNPs {#s0003-s2001}
----------------------------------

In addition to CNPs, carbon nanotubes (CNTs) were used in the current study as a control group. We confirmed the morphologies and structure of the CNPs by SEM at different magnifications. [Figure 1A](#f0001){ref-type="fig"} shows that these nanomaterials were uniformly sized, spherical materials. The diameter of the CNPs was 450 nm, while the diameter of the carbon nanotubes was approximately 100--1,000 nm ([Figure 1B](#f0001){ref-type="fig"}). The CNPs had XRD results similar to those of the carbon nanotubes ([Figure 1D](#f0001){ref-type="fig"}), which confirmed that both of these materials exhibited a phase composition of carbon, but a smaller zeta potential value ([Figure 1C](#f0001){ref-type="fig"}). These results were predicted to indicate similar but somewhat poor physical stability of CNPs. To improve solubility, CNPs diluted with DMSO were used in this study. A Raman scattering spectrum showed Raman peaks at 1,300 and 1,580 cm^−1^, corresponding to the vibrational modes of D^−^ and G^−^ ([Figure 1E](#f0001){ref-type="fig"}). Overall, CNPs have some similarities to CNTs, but the two materials have different shapes. The carbon nanomaterials used in this study, both the CNPs and CNTs, were pure, with sizes of 450 nm and approximately 100--1,000 nm, respectively.Figure 1Characterization of carbon nanospheres and carbon nanotubes. (**A**) SEM images of carbon nanospheres. (**B**) Diameters of carbon nanospheres and carbon nanotubes. (**C**) Zeta potentials of carbon nanospheres and carbon nanotubes. (**D**) XRD patterns of carbon nanospheres and carbon nanotubes. (**E**) Raman spectra of carbon nanotubes and carbon spheres.

Antitumor Effect of CNPs on PCa Cells in vitro {#s0003-s2002}
----------------------------------------------

### CNPs Inhibit Cell Growth and the Cell Cycle in PCa Cells {#s0003-s2002-s3001}

The two PCa cell lines DU145 and PC3 were used in this study, both of which were treated with 5 and 10 μg/mL of CNPs. The CCK-8 assay results showed that CNPs inhibited the growth of the PC3 and DU145 cell lines, while no effect on the benign prostate epithelial cells BPH-1 was observed ([Figure 2A](#f0002){ref-type="fig"}). The impacts of CNPs on these PCa cells were density-dependent. Therefore, we believe that CNPs specifically affected PCa but not normal cells. Considering the enhanced effect without apparent deposition observed, CNPs were used at a dose of 10 μg/mL in the following experiments.Figure 2CNPs inhibit the cell growth of PCa cell lines in vitro. (**A**) A CCK-8 assay. (**B**) Cell cycle analysis. The data are presented as the means ± SD of three independent experiments. \*P\<0.05, \*\*P\<0.01.

To further assess the effect of CNPs on cell proliferation, we investigated the cell cycle by flow cytometric analysis ([Figure 2B](#f0002){ref-type="fig"}). Compared to control cells, DU145 and PC3 cells treated with CNPs were arrested in the G1 phase, showing that DNA duplication and synthesis were reduced. The percentage of cells in the G1 phases increased from 59.947±0.577% to 64.84±0.129% in DU145 cells and from 54.743±0.282% to 60.673±1.074% in PC3 cells after treatment with CNPs.

### CNPs Inhibit PCa Cell Migration and Invasion {#s0003-s2002-s3002}

Relatively aggressive growth, progression, and metastasis are features of cancers. After observing the CNP-mediated suppression of PCa cells, we then investigated the effects of CNPs on the invasive and migratory abilities of two types of PCa cells through Transwell and wound-healing experiments. The results shown in [Figure 3](#f0003){ref-type="fig"} indicate that CNPs significantly inhibited cell invasion ([Figure 3A](#f0003){ref-type="fig"} and [B](#f0003){ref-type="fig"}) and migration ([Figure 3C](#f0003){ref-type="fig"} and [D](#f0003){ref-type="fig"}) in the CNP-treated group compared with the control group. The migration distances of the DU145 and PC3 cells treated with the CNPs were 1.000±0.000 vs 0.737±0.003 and 1.000±0.000 vs 0.791±0.022, respectively.Figure 3Carbon nanospheres inhibit the invasion and migration of PCa cell lines. Invasion of (**A**) DU145 and (**B**) PC3 cells determined by Transwell assays. Migration of (**C**) DU145 and (**D**) PC3 cells determined by a wound-healing assay. The data are presented as the means ± SD of three independent experiments. \*\*p\<0.01.

### CNPs Induce Apoptosis and Autophagy in PCa Cells {#s0003-s2002-s3003}

Changes in cell number can be occurred due to cell proliferation or death. The experiments above showed that the number of PCa cells and level of DNA synthesis decreased following the addition of CNPs. To further explore the impact of this nanomaterial on cell death, we evaluated changes in apoptosis and autophagy in vitro. According to our Western blot results, the expression of *Cleaved Caspase-3*, which is derived from *Caspase-3* and used as an apoptosis marker,[@cit0020] increased after treatment with CNPs ([Figure 4A](#f0004){ref-type="fig"}). Furthermore, flow cytometry results ([Figure 4B](#f0004){ref-type="fig"}) also showed that CNP treatment increased the proportions of cells in both the early and late stages of apoptosis. These results confirmed that the CNPs induced apoptosis in PCa cells.Figure 4Carbon nanospheres promote autophagy and induce apoptosis of PCa cell lines in-vitro. (**A**) Protein expression levels of *Cleaved Caspase-3* and *Caspase-3*, *SQSTM1*, and *LC3 I/II* in cells treated or not treated with Baf-A1 after incubating with CNPs. (**B**) Cell apoptosis assay results. (**C**) Transmission electron microscopy images of CNPs (blue triangle) and autophagosomes (red triangle) in PCa cells. The data are presented as the means ± SD of three independent experiments. \*P\<0.05, \*\*P\<0.01.

SQSTM1 has been reported to have a negative correlation with the proteasome and autophagic flux, and this protein can be used to detect autophagy with *LC 3* (another autophagy marker).[@cit0021]--[@cit0023] The ratio of *LC3 II* to *LC3 I* increased, while the expression of *SQSTM1* decreased in the CNPs group compared with the control group ([Figure 4A](#f0004){ref-type="fig"}). Because *LC3 II* can be degraded in the autolysosomal lumen, which can cause inaccurate measurements of the autophagy rate, bafilomycin a1 (Baf-A1; 88899--55-2, Sigma-Aldrich, USA) was used to interrupt autophagic flux and aid in detecting autophagy.[@cit0024] The same trend in the level of *LC3 II* was observed in the CNPs group in the presence of Baf-A1 ([Figure 4A](#f0004){ref-type="fig"}). CNPs and more autophagosomes, which could also be identified by TEM, were observed in cells treated with CNPs compared to that observed in the control cells ([Figure 4C](#f0004){ref-type="fig"}).

The *PI3K*/*AKT*/*mTOR* pathway is one of the most well studied and crucial signaling pathways involved in regulating cell death. To further elucidate the mechanism underlying CNP-induced apoptosis and autophagy, multifactor detection of a single *Akt* phosphorylation pathway was used in the present study. The results showed that there were six differentially expressed proteins in DU145 cells, including *PRAS40*,*4E-BP1*, *RSK1*, *mTOR*, *BAD*, and *AMPKa* and five differentially expressed proteins in PC3 cells, including *4E-BP1*, *RPS6*, *Erk1/2*, *PDK1*, and *Raf-1* when comparing the CNPs group with the control group ([Figure 5A](#f0005){ref-type="fig"}). Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis revealed that CNPs may be associated with the mTOR pathway and insulin pathway in PCa ([Figure 5B](#f0005){ref-type="fig"}). In addition, *4E-BP1* was downregulated in both cell lines. Then, we verified that the CNPs inhibited the expression of *4E-BP1* by Western blot analysis in DU145 and PC3 cells ([Figure 5C](#f0005){ref-type="fig"}).Figure 5Validation of differentially expressed proteins. (**A**) Conservative analysis of different proteins. (**B**) KEGG pathways of the identified differentially expressed proteins. (**C**) Quantification of the relative intensities of *4E-BP1* represented as a histogram. \*\*P\<0.01.

Antitumor Effect of CNPs on PCa Cells in vivo {#s0003-s2003}
---------------------------------------------

To investigate the impact of the CNPs in vivo, DU145 and PC3 cells were locally and subcutaneously inoculated into nude mice. The percentage change of volume per day in a tumor, also known as the tumor growth rate, was used to describe the CNPs' effect on PCa.[@cit0025] The tumor growth rate was significantly reduced when the CNPs were injected ([Figure 6B](#f0006){ref-type="fig"}). Tumor volumes were smaller for the CNP-treated tumors than the control tumors, and the CNPs accumulated in the tumor tissue ([Figure 6A](#f0006){ref-type="fig"}). Therefore, we assume that the carbon nanospheres inhibited prostate cell growth in vivo.Figure 6Carbon nanospheres inhibit PCa tumor growth in vivo. (**A**) Tumors from the animal models are shown. (**B**) Tumor growth rates were determined. \*P\<0.05, \*\*P\<0.01.

After the injection of CNPs, the expression of *E-Cadherin* ([Figure 7A](#f0007){ref-type="fig"} and [C](#f0007){ref-type="fig"}) and *Vimentin* ([Figure 7B](#f0007){ref-type="fig"} and [C](#f0007){ref-type="fig"}) was evaluated by IHC and Western blotting. *E-Cadherin* was expressed in PC3 but not in DU145 cells, while *Vimentin* was expressed in DU145 but not PC3 cells. The IHC score for *E-Cadherin* in PC3 cells was higher in the CNPs group than that observed in the control group, and the expression of *E-Cadherin* was also higher in the CNPs group according to the Western blot results. In contrast, the IHC score for *Vimentin* in DU145 cells was lower in the CNPs group than that observed in the control group, and its expression was also lower in the same group according to the Western blot results. The observed upregulation of *E-Cadherin* expression and downregulation of *Vimentin* expression suggests that the CNPs inhibited epithelial-mesenchymal transition (EMT), which may lead to the suppression of invasion and metastasis in PCa.[@cit0026]Figure 7Carbon nanospheres inhibit EMT in vivo. Protein expression levels of (**A**) *E-Cadherin* and (**B**) *Vimentin* in the tumor xenografts established with DU145 and PC3 cells in the CNP and negative control groups. (**C**) *E-Cadherin* and *Vimentin* were also assessed by Western blotting. \*P\<0.05 and \*\*P9\<0.01.

The expression of *Caspase-3* and *Cleaved Caspase-3* were tested in prostate tumor tissue ([Figure 8](#f0008){ref-type="fig"} and [[Supplementary Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=257522.docx)]{.ul}). The IHC scores and the protein expression of *Cleaved Caspase-3* ([Figure 8A](#f0008){ref-type="fig"}) were higher in the CNPs group than those observed in the control group, while there was no significant difference in the expression of *Caspase-3* ([[Supplementary Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=257522.docx)]{.ul}) between these two groups, indicating that the CNPs induce apoptosis in PCa. The same trend was also observed by the Western blot results ([Figure 8B](#f0008){ref-type="fig"}).Figure 8Carbon nanospheres promote apoptosis in vivo. (**A**) *Cleaved Caspase-3* expression was increased. Representative immunohistochemical staining for *Cleaved Caspase-3* is shown. (**B**) The ratio of *Cleaved Caspase-3* to *Caspase-3* was assessed by Western blotting. \*P\<0.05 and \*\*P\<0.01.

To detect changes in autophagy in prostate tumor tissues, *4E-BP1* and *SQSTM1* levels were measured by both IHC and Western blotting. The CNPs group had higher IHC scores for *4E-BP1* and *SQSTM1* than was observed in the control group ([Figure 9A](#f0009){ref-type="fig"} and [B](#f0009){ref-type="fig"}). We obtained the same result by evaluating the protein level by Western blotting ([Figure 9C](#f0009){ref-type="fig"}), with lower expression of *4E-BP1*, *SQSTM1* and higher expression of *LC3 II/I* observed in the CNPs group than that detected in the control group. We observed an accumulation of CNPs and increased numbers of autophagosomes with the injection of the material into prostate cancer tissues ([Figure 9D](#f0009){ref-type="fig"}). Positive control IHC results of *Caspase-3*, *Cleaved Caspase-3*, and both positive and negative control of *SQSTM1* were presented in [[Supplementary Figure S2](https://www.dovepress.com/get_supplementary_file.php?f=257522.docx)]{.ul}. Overall, consistent with our in vitro work, we observed that the CNPs induced apoptosis and autophagy, which may lead to downregulation of *4E-BP1* expression in vivo.Figure 9Carbon nanospheres promote autophagy in vivo. Protein expression levels of (**A**) *4E-BP1* and (**B**) *SQSTM1* in the tumor xenografts established with PCa cells in CNPs and negative control groups. (**C**) *4E-BP1*, *SQSTM1*, and *LC3 I/II* levels were assessed by Western Blot. (**D**) Transmission electron microscopy images of prostate cancer in vitro. \*\*P\<0.01.

Discussion {#s0004}
==========

It is much easier for nanomaterials to accumulate in tumors with abundant blood flow, gaps in blood vessel walls and poor lymphatic circulation than in other tissues in vivo. This phenomenon is called the enhanced permeability and retention effect.[@cit0027],[@cit0028] Nanomaterials are widely used in the diagnosis and treatment of diseases, especially in the field of autophagy-related cancer treatment.[@cit0029]--[@cit0032] By using materials with individual functions related to sound, light, electricity, heat, etc., nanomaterials can be used to deliver a drug to a particular part of the body with an excellent drug loading efficiency while simultaneously reducing the possibility of drug resistance.[@cit0033],[@cit0034]

Among all carbon nanomaterials, CNTs have been used to deliver small interfering RNAs (siRNAs) and polyethyleneimine-functionalized CNTs have been used to deliver siRNAs into human cervical cancer cells.[@cit0035] Recently, nanocarbon tubes were successfully used to target CpGODN in the PCa immunotherapy.[@cit0036] Although research on carbon nanomaterials for drug or gene delivery is not uncommon, few studies have explored their effects in vivo. In addition, the material used for synthesis of CNP, glucose, is inexpensive and abundant.[@cit0015] The synthetic method is easy and environmentally friendly, and considering these advantages, the future of CNPs is bright.

Our results demonstrated that the anticancer effects of CNPs, including inhibition of growth, proliferation, metastasis, and invasion in PCa cells in vivo and in vitro. We also observed that CNPs induced apoptosis and autophagy and downregulated *4E-BP1*expression in PCa. Nanomaterial loading of an mTOR inhibitor inhibited the expression of *4E-BP1* in B lymphoma cells.[@cit0037] However, there is no satisfactory research on nanomaterials without contents assessing changes in *4E-BP1* levels. *4E-BP1* is a downstream effector of *mTOR*,[@cit0038] and its expression is higher in PCa tissue than in normal tissue.[@cit0039] *4E-BP1* inhibition may induce apoptosis and autophagy.[@cit0040],[@cit0041] These findings are consistent with our conclusions, and the downregulation of *4E-BP1* expression likely indicates a possible signaling pathway involved in the CNP induced antitumor effect. In addition, we observed that CNPs inhibited PCa cell growth but not benign prostate epithelial cell growth. These results suggest that CNPs could be a carbon nanomaterial for selective killing of PCa cells, which needs to be confirmed in further research. Currently, the interaction of the nanomaterial itself with tumors remains unelucidated. Few nanomaterials are used in the clinic due to a lack of knowledge regarding the mechanisms of nanomaterials in the human body. In addition to promising drug and delivery functions, CNPs can also act as a potential treatment in PCa.
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